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Abstract 

Background: The necessity of postural restriction to patients suffering from benign paroxysmal positional vertigo is 
controversial. 

Objective: Jo investigate the impact of the sleep position after the repositioning maneuver on BPPV recurrence. 

Methods:'! 50 unilateral BPPV patients who were treated by repositioning maneuver were distributed into two groups. The 
patients in group A were instructed to sleep in a semi-sitting position at an angle of approximately 30 degrees and refrain 
from sleeping on their BPPV affected side for one week. The patients in group B were told to sleep in any preferred position. 
The comparison of recurrence rates according to different actual sleep positions in one week and one month was 
performed. 

Results: There was a statistically significant correlation between the sleeping side and the side affected by BPPV. Without 
instructions on postural restriction, most patients (82.9%, 73/88) avoided sleeping on their affected side. The patients 
sleeping on their affected side had a higher recurrence rate (35.3%) than ones sleeping in other positions in the first week 
after the repositioning maneuver (p<0.05, Chi-square test and Fisher's exact test). The patients sleeping randomly in 
following 3 weeks had a lower recurrence rate than ones sleeping in other position (p<0.05, Fisher's exact test). 

Conclusions: BPPV patients had a poor compliance to postural instructions. The habitual sleep side was associated with the 
side affected by BPPV. The patients sleeping on their affected side had a higher recurrence rate than those sleeping in other 
positions in first week after the repositioning maneuver. 
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Introduction 

Benign paroxysmal positional vertigo (BPPV) is the most 
common cause of vertigo encountered in otology and neurology 
clinics. The characteristic clinical presentation of temporary 
vertigo attacks that lasts for seconds is generally believed to be 
caused by the dislocation of the otoconia in the semicircular canals 
[1,2], detaching from the macula of the utricle [3]. Several 
maneuvers have been proposed to treat BPPV that yield high 
success rates [4—6]; however, there is a significant recurrence rate 
of 13.5 percent at 6-month follow-up [7,8]. The recurrence rate at 
1 year after treatment was 10 to 18 percent [9,10]. Patients 
suffering from BPPV after trauma or with ipsilateral Meniere's 
disease have been shown to have an even higher BPPV recurrence 
rate [11,12]. 

Postural restrictions after performing repositioning maneuvers 
were supposed to be able to improve the treatment outcome and 
prevent the recurrence of BPPV. Therefore, postural restriction 
was suggested in early description of the repositioning maneuver 
therapy for BPPV [4]. However, there is no agreement on the 



effectiveness or standard protocol of postural restriction. Most 
studies on the efficiency of postural restrictions did not show a 
difference in the recurrence rates between the groups with or 
without postural restrictions [13-17]. In addition, postural 
restriction might cause some discomfort and inconvenience to 
patients and affect their social life and sleep quality. On the 
contrary, Cakir et al. reported that the difference between 
restricted and non-restricted groups in the number of maneuvers 
required for treatment was statistically significant [18]. Some 
studies also showed a better outcome for patients with postural 
restrictions but did not detect a statistically significant difference 
due to small sample sizes [13,19-21]. However, patients' 
compliance to postural restriction has not been seriously consid- 
ered in most of these studies and may affect their results. In 
addition, more and more authors suggested the sample sizes in 
these studies were not sufficient to detect a significant difference 
and multicenter research with the adoption of improved method- 
ology is still necessary to determine the contribution of postural 
restriction to the prevention of recurrence [13,22,23]. 
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In this study, we investigated the compliance to postural 
restriction in BPPV patients and the relationships between the 
habitual sleep position and the side affected by BPPV as well as the 
impact of the sleep position after the repositioning maneuver on 
BPPV recurrence. 

Materials and Methods 

From October 2013 to December 2013, a prospective study was 
conducted at a university-affiliated tertiary hospital. This study 
was approved by Ethical Board of EYE & ENT Hospital of Fudan 
University. Written consent was not concluded to be unnecessary 
because the data were analyzed anonymously and waived by 
Ethical Board. Oral consent were obtained from all patients 
included in this study. They were told they would be involved a 
clinical study on the relationship of BPPV recurrence and 
postmaneuver sleep position. The diagnosis criteria followed the 
guideline provided by the American Academy of Otolaryngology - 
Head and Neck Surgery [24]. All the patients included in this 
study had a history of rotatory vertigo that lasted for seconds. They 
all had rotatory vertigo with direction-changing reversible 
torsional or geotropic horizontal nystagmus triggered by Dix- 
Hallpike tests or supine roll tests, respectively. These diagnostic 
procedures were performed on a TRV chair (CTRV INNOVA- 
TION, Ventabren, France), which was a rotary chair that could 
make the patients rotate on the plane of the semicircular canals 
[25]. The repositioning maneuvers were then performed if the 
results of the test were positive. For posterior semicircular canal 
BPPV (P-BPPV), the patients were tilted backward and rotated 
360 degrees at the axis of the corresponding canal. The rotations 
started from the position of 120 degrees and continued in 60- 
degree steps until the sitting position was reached. For the 
geotropic type of lateral semicircular canal BPPV (L-BPPV), the 
side on which the patients had stronger attack of vertigo and 
nystagmus was concluded as the affected side. The patients were 
treated by rotating from the supine position towards healthy side 
and continued in 90-degree steps until reaching the affected side, 
which was similar to the Lempert maneuver [26]. For the 
apogeotropic type of L-BPPV, the rotations were performed in a 
contrary direction to geotropic type of L-BPPV. 

All patients included in this study showed complete relief of 
vertigo and nystagmus immediately after the repositioning 
maneuver and had no vertigo attack in 48 hours. They were 
randomly distributed into two groups. The patients in group A 
were instructed to sleep in a semi-sitting position at an angle of 
approximately 30 degrees and refrain from sleeping on their 
affected side for one week. They were also told to sleep in their 
preferred positions after one week. The patients in group B were 
told to sleep in any preferred position. 

These patients were followed up at one week and one month 
after the repositioning maneuver. They were asked about their 
actual sleep positions during the first week and during the 2-4 
weeks after the repositioning maneuver as well as the recurrence of 
rotatory vertigo lasting for seconds. Finally, the patients were 
distributed into five groups according to their actual sleep positions 
in first week after the repositioning maneuver: the affected side, 
healthy side, random, supine and semi-sitting position. 

The Chi-square test and Fisher's exact test, if expected 
frequencies were less than 5, were used for statistical analyses, 
and P<0.05 was considered significant. 

Results 

A total of 150 patients, 48 men and 102 women, were diagnosed 
with unilateral BPPV and treated with the repositioning maneu- 



ver. The male-female incidence ratio was 0.471:1. The patients' 
ages ranged from between 23 to 80 years old, with an average age 
of 53.2 years old. The group with the most subjects was women in 
the fifth decade of life. The patients' diagnoses included 102 cases 
of unilateral P-BPPV (68.0%), 31 cases of unilateral L-BPPV 
(20.7%), 2 cases of unilateral superior canal BPPV (1.3%) and 15 
cases of unilateral multiple-canal BPPV (10.0%). 

There were 72 cases in the group A of restriction of sleep 
position and 78 cases in the group B of no restriction of sleep 
position. The relapse rates in one week were 9.7% (7/72) in group 
A and 16.7% (13/78) in group B, respectively. There was no 
significant difference between the two groups (_P>0.05, Chi-square 
test). The relapse rates in first month after the repositioning 
maneuver were 19.4% (11/72) in group A and 24.4% (14/78) in 
group B, respectively, which was also not significandy different 
(,P>0.05, Chi-square test). (Table 1) 

However, most patients (82. 1 %, 64/78) who were not instructed 
to sleep in a restricted position did not sleep in a random position 
but, rather, had an obvious preference to avoid sleeping on their 
affected side during the first week after the repositioning 
maneuver. In other words, most patients without the instruction 
of postural restriction actually imposed a sleep-position restriction 
on themselves. At the same time, some patients (41.7%, 30/72) 
with the instruction of postural restriction did not completely take 
the semi-sitting position during the first week after the reposition- 
ing maneuver. Thus, we analyzed the relationships between the 
recurrence rate of BPPV and the actual sleep positions instead of 
the instructed sleep position. 

The patients with unilateral BPPV in this study were divided 
into 5 groups by their sleep position during the first week after the 
repositioning maneuver, including affected side, healthy side, 
supine, random and semi-sitting position at approximately 30 
degrees (Table 2). No difference among groups was found to be 
correlated with age or sex. There was a higher recurrence rate of 
31.3% in patients sleeping on their affected side than in patients 
sleeping in other positions in one week after repositioning 
maneuver (P<0.05, Chi-square test and Fisher's exact test). In 
addition, there was no significant difference between the 
recurrence rate in a semi-sitting position at 30 degrees and rates 
in other positions, except for the affected side (P>0.05, Chi-square 
test and Fisher's exact test). The patients without recurrence in the 
first week were divided into three groups, including affected side, 
random position and unaffected position (Table 3). The patients 
sleeping on their affected side did not have a higher recurrence 
rate than patients sleeping in other positions during the 2-4 weeks 
after the repositioning maneuver (P>0.05, Fisher's exact test). 
However, patients who took a random sleep position had a lower 
recurrence rate than patients sleeping in other positions (P<0.05, 
Fisher's exact test). 

Of 150 patients diagnosed with unilateral BPPV, 86 (57.3%) 
patients had a habit of sleeping laterally, 31(36.0%) on their left 
side and 55 (64.0%) on their right side (Table 4). Of the 31 patients 
who slept on their left side, 20 patients (64.5%) were diagnosed 
with left BPPV. Meanwhile, of the 55 patients who slept on their 
right side, 39 patients (70.9%) were diagnosed with right BPPV. 
There was a statistically significant correlation between the 
habitual sleeping side and the side affected by BPPV (P<0.05, 
Chi-square test). 

Discussion 

Our study showed that there was a statistically significant 
correlation between the preferred sleep side and the affected side 
of BPPV. This result is consistent with other reports [27-31]. It 
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Table 1. The comparison of recurrence rates in patients who were with (group A) or without (group B) the instruction of postural 
restriction. 





Group 


Number of patients with recurrence Number of patients with recurrence in 
in the first week (rate) the first month (rate) 


Number of treated patients 


A 


7 (9.7%) 14 (19.4%) 


72 


B 


13(16.7%) 19(24.4%) 


78 


Total 


20(13.3%) 33(22.0%) 


150 


There was no significant difference between the two groups (P>0.05, Chi-square test). 
doi:1 0.1 371 /journal.pone.0083566.t001 



was also suggested that postoperative bed-rest may facilitate the 
development of BPPV[32]. Based on this finding, it is reasonable 
to assume that continuous lateral positioning of the head facilitates 
the detachment of the otoconia or its migration into the 
semicircular canals of the undermost ear due to gravity. Therefore, 
proper postural restriction after the repositioning maneuver should 
be helpful to decrease the chance of free-floating otoconia! 
particles returning into the canals, and, thus, increase the 
treatment outcome and prevent recurrence of BPPV. 

Postural restriction was suggested at the beginning of the 
repositioning maneuver therapy for BPPV [4], However, the 
necessity of postural restriction after the repositioning maneuver is 
controversial. Most relevant studies did not support the effect of 
postural restriction on the treatment outcome and recurrence rate 
of BPPV. On the contrary, Cakir et al. reported that the difference 
between restricted and non-restricted groups in the number of 
maneuvers required for treatment was statistically significant [18]. 
Some studies also showed a better outcome for patients with 
postural restrictions but did not detect a statistically significant 
difference due to small sample sizes [13,19-21]. A recent meta- 
analysis included 9 relevant articles and concluded that there were 
no significant differences between patients instructed to restrict 
their posture after the repositioning maneuver and patients 
allowed to move freely after a repositioning maneuver with regard 
to the presence or absence of post-maneuver symptoms [2 3]. 
However, the sample sizes in these studies were not sufficient to 
detect a significant difference. It was suggested that more patients 
(200) should be recruited to gain statistical significance because the 
detected clinical difference (15.8%) is small compared to the 
difference set during the designing of the protocol (30%) [13]. 
Fortunately, more and more authors have become aware of these 
issues and have indicated that multicenter research with the 



adoption of improved methodology is still necessary to determine 
the contribution of postural restriction to the prevention of 
recurrence [13,22,23]. 

We proposed that the effectiveness of postural restriction is 
limited by the poor compliance of patients. As suggested by our 
study, the compliance to postural restriction was quite poor. Most 
patients (82.1%) in the group of non-restricted sleep position 
avoided sleeping on their affected side. This is consistent with a 
previous report that found that patients with BPPV tend to avoid 
provoking head positions in fear of experiencing vertigo [33]. 
Although it is reported that people have a tendency to maintain 
their initial sleeping position until they wake up [34] , some patients 
in the group of restricted sleep position actually did not follow the 
instruction because of the discomfort and inconvenience of the 
instructed position. In addition, older patients might change to 
their position to lie on their right side because of cardiovascular 
conditions [35]. However, patient compliance and satisfaction to 
postural restriction were not evaluated or indicated in almost any 
of the studies [13-17,23]. Interestingly, in a study including a large 
number patients (n = 119) and excluding the patients in the control 
group who refrained from turning to the affected side during sleep 
or performing similar postural restriction, a statistically significant 
difference of treatment outcome between groups with or without 
postural restriction was found [18]. Moreover, in two studies that 
reported that postural restriction did not affect the success of the 
repositioning maneuver, the authors recommended avoidance of 
sudden head movements, thus causing unplanned crossover 
between the two groups [15,36]. 

Our study demonstrated that sleep position after a repositioning 
maneuver has statistically significant impact on the recurrence rate 
of BPPV. The patients sleeping on their affected side after the 
repositioning maneuver had a higher recurrence rate than patients 



Table 2. The comparison of recurrence rates in patients who slept in different positions during the first week after the 
repositioning maneuver. 



Number of patients with Number of patients without 

Sleep position in one week recurrence (rate) recurrence (rate) Number of treated patients 



Affected side 


5 (31.3%) 


11 


16 


Random 


4 (13.3%) 


26 


30 


Supine 


3 (10.3%) 


26 


29 


Unaffected side 


4 (12.1%) 


29 


33 


Semi-sitting at 30 degrees 


4 (9.5%) 


38 


42 


Total 


20 (13.3%) 


130 


150 



There was a higher recurrence rate of 31.3% in patients sleeping on their affected side than in patients sleeping in other positions in one week after repositioning 
maneuver (P<0.05, Chi-square test and Fisher's exact test). In addition, there was no significant difference between the recurrence rate in a semi-sitting position at 30 
degrees and rates in patients sleeping in other positions, except for the affected side (P>0.05, Chi-square test and Fisher's exact test). 
doi:1 0.1 371 /journal.pone.0083566.t002 
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Table 3. The comparison of recurrence rates in patients who slept in different positions during the 2-4 weeks after the 
repositioning maneuver (excluding the recurrent patients in one week after repositioning maneuver). 





Sleep position 


Number of patients with recurrence 
(rate) 


Number of patients without 
recurrence (rate) 


Number of treated patients 


Affected side 


10 (15.2%) 


56 (84.8%) 


66 


Random position 


0 (0) 


48 (100%) 


48 


Unaffected side 


3 (18.8%) 


13 (81.2%) 


16 


Total 


13 (10%) 


117 (90.0%) 


130 



The patients sleeping on their affected side did not have a higher recurrence rate than patients sleeping in other positions during the 2-4 weeks after the repositioning 
maneuver (P>0.05, Fisher's exact test). The patients who took a random sleep position had a lower recurrence rate than patients sleeping in other positions (P<0.05, 
Fisher's exact test). 

doi:1 0.1 371 /journal.pone.0083566.t003 



with other sleep positions. However, other studies did not find an 
effect of postural restrictions on recurrence of BPPV [14— 
16,18,22]. Another study showed that the time course in remission 
of positional vertigo is not affected by the head-lying side during 
sleep [31]. The difference between the results of our study and 
others might be pardy due to the difference in follow-up duration 
along with sleep position. Unlike other studies that evaluated the 
recurrence rate for a long duration after postural restriction, this 
study evaluated the recurrence rate along with different sleep 
positions at one week as well as one month after the repositioning 
maneuver. Although short-term postural restriction could reduce 
the long-term recurrence rate of BPPV, refraining from sleeping 
on the affected side after the repositioning maneuver might reduce 
the recurrence rate during the period with sleep-position 
restriction. 

To our knowledge, it is still unknown how otoconia detaches 
from the utricle and what happens to the otoconia after they are 
replaced into the utricle. They might dissolve in endolymph or be 
reabsorbed into the macule [23]. It was reported that otoconial 
debris of the frog was able to dissolve in normal endolymph very 
rapidly (in approximately 20 hours) [37]. In another study, frog 
otoconial mass was found to become stabilized several minutes 
after being placed on the utricular macular otoconia [38], and, 
therefore, the replaced otoconia should no longer been able to play 
a role in BPPV recurrence. BPPV recurrence might be caused by 
the newly detached otoconia but not the replaced otoconia. 
Continuously sleeping on the affected side would increase the 
chance of newly detached otoconia moving into the undermost 
canals due to the effect of gravity, which then causes BPPV 
recurrence. Changing the sleep position randomly would facilitate 



the random moving of the otoconia and decrease the chance of the 
otoconia getting into the undermost canals. These speculations 
were proved by our study. 

The protocols of postural restriction are varied in the literatures, 
but usually include keeping the head upright for 48 h and 
refraining from lying on the affected side for at least one week 
[4,39-41]. Our study indicated that sleeping in a semi-sitting 
position at 30 degrees did not decrease the recurrence rate. 
Sleeping on the affected side increased the recurrence rate of 
BPPV at one week after repositioning maneuver. The patients 
changing the position randomly during sleep had a much lower 
recurrence rate than patients in other positions. Therefore, BPPV 
patients after the repositioning maneuver should be advised not to 
sleep on their affected side and be encouraged to sleep in a 
random position. 

It should be noted that the data of postmaneuver sleep position 
were reported by the patients and their partners or families in our 
study and in previous studies on the impact of postural restriction 
on BPPV recurrence [13-15,17-19,22,23,27,31]. The employ- 
ment of proper monitoring device in future study might be helpful 
to acquire more accurate data of postmaneuver sleep position and 
to maintain the restricted position after repositioning maneuver. 

Taken together, BPPV patients had a poor compliance to the 
postural instructions. The habitual sleep side of patients suffering 
BPPV was associated with their affected side of BPPV. The 
patients sleeping on their affected side had a higher recurrence 
rate than those sleeping in other positions at one week after the 
repositioning maneuver. BPPV patients should be advised to 
refrain from sleeping on their affected side for at least one week 
after the repositioning maneuver. 



Table 4. The relationship between the side affected by BPPV and the habitual sleep position. 





Sleep position 


Diagnosis 


















Total (%) 




Left side 








Right side 














P 


L 


PL 


s 


Total (%) 


P 


L 


PL 


S 


Total (%) 




Left side 


11 


8 


0 


1 


20(64.5) 


8 


2 


1 


0 


11(35.5) 


31(100) 


Right side 


15 


1 


0 


0 


16(29.1) 


27 


4 


8 


0 


39(70.9) 


55(100) 


Supine 


5 


4 


0 


0 


9(45.0) 


9 


2 


0 


0 


11(55.0) 


20(100) 


Random 


9 


7 


1 


1 


1 8(40.9) 


20 


4 


2 


0 


26(59.1) 


44(100) 


Total 


40 


20 


1 


2 


63(42.0) 


64 


12 


11 


0 


87(58.0) 


150(100) 



P, posterior canal BPPV; L, lateral canal BPPV; PL, posterior canal BPPV and lateral canal BPPV; S, superior canal BPPV. 

There was a statistically significant correlation between the habitual sleeping side and the side affected by BPPV (P<0.05, Chi-square test). 

doi:1 0.1 371 /journal.pone.0083566.t004 



PLOS ONE | www.plosone.org 



4 



December 2013 | Volume 8 | Issue 12 | e83566 



Postmaneuver Sleep Position and BPPV Recurrence 



Author Contributions 

Conceived and designed the experiments: SL. Performed the experiments: 
SL LT. Analyzed the data: SL LT. Contributed reagents/materials/ 
analysis tools: SL LT ZH JW. Wrote the paper: SL. 

References 

1. Hall SF, Ruby RR, McClure JA (1979) The mechanics of benign paroxysmal 
vertigo. J Otolaryngol 8: 151-158. 

2. Schuknecht HF (1969) Cupulolithiasis. Arch Otolaryngol 90: 765-778. 

3. Schuknecht HF (1962) Positional vertigo: clinical and experimental observations. 
Trans Am Acad Ophthalmol Otolaryngol 66: 319-332. 

4. EplcyJM (1992) The canalith repositioning procedure: for treatment of benign 
paroxysmal positional vertigo. Otolaryngol Head Neck Surg 107: 399-404. 

5. Semont A, Freyss G, Vitte E (1988) Curing the BPPV with a liberatory 
maneuver. Adv Otorhinolaryngol 42: 290-293. 

6. Vannuechi P, Giannoni B, Pagnini P (1997) Treatment of horizontal 
semicircular canal benign paroxysmal positional vertigo. J Vcstib Res 7: 1-6. 

7. Maeias JD, Lambert KM, Massingalc S, Ellensohn A, Fritz JA (2000) Variables 
affecting treatment in benign paroxysmal positional vertigo. Laryngoscope 110: 
1921-1924. 

8. Sridhar S, Panda N (2005) Particle repositioning manoeuvre in benign 
paroxysmal positional vertigo: is it really safe? J Otolaryngol 34: 41-45. 

9. Prokopakis EP, Ghimona T, Tsagournisakis M, Christodoulou P, Hirsch BE, et 
al. (2005) Benign paroxysmal positional vertigo: 10-ycar experience in treating 
592 patients with canalith repositioning procedure. Laryngoscope 115: 1667- 
1671. 

10. Sakaida M, Takeuehi K, Ishinaga H, Adachi M, Majima Y (2003) Long-term 
outcome of benign paroxysmal positional vertigo. Neurology 60: 1532 1531. 

11. Gordon CR, Levite R, Joffe V, Gadoth N (2004) Is posttraumatic benign 
paroxysmal positional vertigo different from the idiopathic form? Arch Neurol 
61: 1590-1593. 

12. Soto-Varela A, Rossi-Izquierdo M, Martinez-Capoccioni G, Labclla-Caballcro 
T, Santos-Perez S (2012) Benign paroxysmal positional vertigo of the posterior 
semicircular canal: efficacy of Santiago treatment protocol, long-term follow up 
and analysis of recurrence. J Laryngol Otol 126: 363—371. 

13. Fyrmpas G, Raehovitsas D, Haidieh AB, Constantinidis J, Triaridis S, et al. 
(2009) Are postural restrictions after an Epley maneuver unnecessary? First 
results of a controlled study and review of the literature. Auris Nasus Larynx 36: 
637-643. 

14. Casqueiro JC, Ayala A, Monedero G (2008) No more postural restrictions in 
posterior canal benign paroxysmal positional vertigo. Otol Ncurotol 29: 706- 
709. 

15. Moon SJ, Bae SH, Kim HD, KimJH, Cho YB (2005) The effect of postural 
restrictions in the treatment of benign paroxysmal positional vertigo. Eur Arch 
Otorhinolaryngol 262: 408-41 1. 

16. Marciano E, Marcelli V (2002) Postural restrictions in labyrintholithiasis. Eur 
Arch Otorhinolaryngol 259: 262-265. 

17. Nuti D, Nati C, Passali D (2000) Treatment of benign paroxysmal positional 
vertigo: no need for postmaneuver restrictions. Otolaryngol Head Neck Surg 
122:' 440-444. 

18. Cakir BO, Erean I, Gakir ZA, Turgut S (2006) Efficacy of postural restriction in 
treating benign paroxysmal positional vertigo. Arch Otolaryngol Head Neck 
Surg 132: 501-505. 

19. Roberts RA, Gans RE, DcBoodt JL, Lister JJ (2005) Treatment of benign 
paroxysmal positional vertigo: necessity of postmaneuver patient restrictions. 
J Am Acad Audiol 16: 357-366. 

20. Simoccli L, Bittar RS, Grcters ME (2005) Posture restrictions do not interfere in 
the results of canalith repositioning maneuver. Braz J Otorhinolaryngol 71: 55- 
59. 

21. Gananca FF, Simas R, Gananca MM, Korn GP, Dorigueto RS (2005) Is it 
important to restrict head movement after Epley maneuver? 
Braz J Otorhinolaryngol 71: 764-768. 



22. Papaeharalampous GX, Vlastarakos PV, Kotsis GP, Davilis D, Manolopoulos L 
(2012) The Role of Postural Restrictions after BPPV Treatment: Real Effect on 
Successful Treatment and BPPV's Recurrence Rates. Int J Otolaryngol 2012: 
932847. 

23. Mostafa BE, Youssef TA, Hamad AS (2013) The necessity of post-maneuver 
postural restriction in treating benign paroxysmal positional vertigo: a meta- 
analytic study. Eur Arch Otorhinolaryngol 270: 849-852. 

24. Bhattacharyya N, Baugh RF, Orvidas L, Barrs D, Bronston LJ, ct al. (2008) 
Clinical practice guideline: benign paroxysmal positional vertigo. Otolaryngol 
Head Neck Surg 139: S47-81. 

25. Richard-Vitton T, Viirre E (201 1) Unsteadiness and drunkenness sensations as a 
new sub-type of BPPV. Rev Laryngol Otol Rhinol (Bord) 132: 75-80. 

26. Lempert T, Tiel-Wilck K (1996) A positional maneuver for treatment of 
horizontal-canal benign positional vertigo. Laryngoscope 106: 476-478. 

27. Shim DB, KimJH, Park KC, Song MH, Park HJ (2012) Correlation between 
the head-lying side during sleep and the affected side by benign paroxysmal 
positional vertigo involving the posterior or horizontal semicircular canal. 
Laryngoscope 122: 873-876. 

28. Lopcz-Escamez JA, Gamiz MJ, Finana MG, Perez AF, Canet IS (2002) Position 
in bed is associated with left or right location in benign paroxysmal positional 
vertigo of the posterior semicircular canal. Am J Otolaryngol 23: 263-266. 

29. Cakir BO, Ercan I, Cakir ZA, Civelck S, Turgut S (2006) Relationship between 
the affected ear in benign paroxysmal positional vertigo and habitual head-lying 
side during bedrest. J Laryngol Otol 120: 534—536. 

30. Korres SG, Papadakis CE, Riga MG, Balatsouras DG, Dikeos DG, et al. (2008) 
Sleep position and laterality of benign paroxysmal positional vertigo. J Laryngol 
Otol 122: 1295-1298. 

31. Sato G, Sekinc K, Matsuda K, Takeda N (2012) Effects of sleep position on time 
course in remission of positional vertigo in patients with benign paroxysmal 
positional vertigo. Acta Otolaryngol 132: 614-617. 

32. Gyo K (1988) Benign paroxysmal positional vertigo as a complication of 
postoperative bedrest. Laryngoscope 98: 332—333. 

33. Magliulo G, Bertin S, Ruggieri M, Gagliardi M (2005) Benign paroxysmal 
positional vertigo and post-treatment quality of life. Eur Arch Otorhinolaryngol 
262: 627-630. 

34. De KoninckJ, Lorrain D, Gagnon P (1992) Sleep positions and position shifts in 
five age groups: an ontogenetic picture. Sleep 15: 143—149. 

35. Leung RS, Bowman ME, Parker JD, Newton GE, Bradley TD (2003) Avoidance 
of the left lateral decubitus position during sleep in patients with heart failure: 
relationship to cardiac size and function. J Am Coll Cardiol 41: 227-230. 

36. Massoud EA, Ireland DJ (1996) Post-treatment instructions in the nonsurgical 
management of benign paroxysmal positional vertigo. J Otolaryngol 25: 121- 
125. 

37. Zucca G, Valli S, Valli P, Pcrin P, Mira E (1998) Why do benign paroxysmal 
positional vertigo episodes recover spontaneously? J Vestib Res 8: 325-329. 

38. Otsuka K, Suzuki M, Shimizu S, Konomi U, Inagaki T, et al. (2010) Model 
experiments of otoconia stability after canalith repositioning procedure of BPPV. 
Acta Otolaryngol 130: 804-809. 

39. Hcrdman SJ, Tusa RJ, Zee DS, Proctor LR, Mattox DE (1993) Single treatment 
approaches to benign paroxysmal positional vertigo. Arch Otolaryngol Head 
Neck Surg 119: 450-454. 

40. WolfJS, Boyev KP, Manokey BJ, Mattox DE (1999) Success of the modified 
Epley maneuver in treating benign paroxysmal positional vertigo. Laryngoscope 
109: 900-903. 

41. Harvey SA, Hain TC, Adamiec LC (1994) Modified liberatory maneuver: 
effective treatment for benign paroxysmal positional vertigo. Laryngoscope 104: 
1206-1212. 



PLOS ONE | www.plosone.org 



5 



December 2013 | Volume 8 | Issue 12 | e83566 



